Brainstem pathology due to infections, infarcts and tumors are common in developing countries, but neuroimaging technology in these resource-poor settings is often limited to single slice, and occasionally spiral, CT. Unlike multislice CT and MRI, single slice and spiral CT are compromised by bone artifacts in the posterior fossa due to the dense petrous bones, often making imaging of the brainstem nondiagnostic. With appropriate head positioning, the petrous ridges can be avoided with 40s agittal oblique scans parallel to either petrous ridge. We describe an alternative sagittal oblique scanning technique that significantly reduces brainstem CT artifacts thereby improving clarity of anatomy. With Institutional Ethical approval, 13 adult patients were enrolled (5 males; 39%). All patients had routine axial brain CT and sagittal oblique scans with no lesions found. Images were read by 2 readers who gave a score for amount of artefact and clarity of structures in the posterior fossa. The mean artifact score was higher for routine axial images compared to sagittal oblique (2.92 vs.
Introduction
Although multislice CT and MRI are now widely available in the developed world, single slice, and occasionally spiral, CT remains the neuro-imaging modality available in resourcepoor settings. 1, 2 Unfortunately, single slice CT is compromised by degrading artifacts in the posterior fossa that may render the images non-diagnostic. [3] [4] [5] [6] [7] CT artifacts may be reduced by avoidance of the artifact-forming bones from the scan planes using appropriate patient positioning. 3 In the posterior fossa, this may be achieved by avoiding the dense petrous bones and the internal occipital protuberance using 40° sagittal oblique scans parallel to either petrous bone. Positioning of the patient for this sagittal oblique technique is illustrated in Figure 1 . This alternative sagittal oblique CT scanning technique for improved visualization of the brainstem in select patients is routinely employed at the Queen Elizabeth Central Hospital, Blantyre, Malawi. The aim of this paper is to describe this technique and report findings of a study formally comparing posterior fossa image quality using traditional axial versus alternative sagittal oblique techniques on a single slice CT scanner.
Materials and Methods
This study was conducted at the Queen Elizabeth Central Hospital (QECH), Blantyre, Malawi. Local Ethical Committee approval from the Malawi College of Medicine Research Ethics Committee was obtained for the study. All patients were scanned on a Philips single slice CT scanner, Tomoscan EG (Philips Medical Systems, Netherlands). 
Patient population

Imaging methods
All patients underwent traditional routine axial brain CT scanning as follows. Patient position-supine; scan protocol: 120kVp, 100 mAs, slice thickness 5mm in the posterior fossa and 10 mm in the rest of the brain, reconstruction algorithm: standard; scans parallel to the orbito-meatal line. The alternative sagittal oblique scans were carried out as follows. Patient position: prone, head turned 50°t o the right, mid-sagittal plane of the head vertical; scan protocol: gantry angulation=0°, 120 kVp, 100 mAs, slice thickness 5 mm, spacing 5 mm, reconstruction algorithm: standard; scans done from the left petrous ridge across the whole posterior fossa. Images were printed on radiographic films for clinical review with physical images scanned and electronic versions used for research quantification.
CT interpretation
The two techniques (traditional routine axial vs. alternative sagittal oblique) were compared as follows: i) artifact severity was scored from 1 to 3 where, 3=artifacts render image unusable; 2=artifacts may affect reading of film; 1= no artifacts; ii) the level of con-fidence the radiologist had in visualizing the brainstem, 4 th ventricle and cerebellar hemispheres were assigned scores ranging from 1-3 where: 3=total lack of confidence in visualizing a structure; 2=reduced level of confidence in visualizing a structure; and 1=full confidence in visualizing a structure.
Images were interpreted by 2 readers, MP (neuroradiologist) and RO (general radiologist). The readers underwent orientation training to facilitate interpretation using correlations of sagittal oblique CT images and 3D MRI scans Figure 2 (see Training Manual; Appendix Figures 1-6) . A standard set of images depicting posterior fossa anatomy in the sagittal oblique plane is provided (main text Figure 3 ).
Analysis
Artifact and anatomical certainty scores were entered into Microsoft Office Excel 2007 before importation into EPI INFO for analysis. Mean artifact scores and anatomical certainty scores for the traditional routine axial versus alternative sagittal oblique views were compared using Student's t-test, unless population variance was significant (per Bartlett's Test), in which case the Mann-Whitney/Wilcoxon's two-sample test was used.
Results
Thirteen patients met inclusion criteria: age 28-66 years (mean 38.3). Five (39%) were males. The mean artifact score was higher for routine axial images compared to sagittal oblique (2.92 vs. 1.23; P<0.0001). The mean anatomical certainty score for the brainstem were significantly better in the sagittal oblique views versus routine axial (1.23 vs. 2.77; P<0.0001). Reviewers indicated no uncertainty (all scores=1) for visualization of the 4th ventricle using both the routine axial and the sagittal oblique views. Anatomical certainty scores for the cerebellum was high overall and did not differ in routine axial versus sagittal oblique views (1.15 vs. 1.27; P=0.37).
Discussion
Where single slice CT is the imaging technology available and axial images are nondiagnostic due to artifacts, the alternative sagittal oblique scanning technique described here adds significant value in terms of increasing the radiologists' ability to discern normal anatomy. The brainstem can be evaluated directly in the sagittal oblique planes or with axial reformatted images for ease of familiarity and to allow left/right comparison (Figure 4) . The latter depends upon the availability of MPR (multiplanar reformatting) facility on the CT scanner itself.
The positioning required for this alternative technique may not be safe or feasible in all patients (main text Figure 1) . Therefore, the clinician must clinically assess patients prior to such imaging to assure that no airway compromise or other problems occur during the scanning. Further study is needed comparing traditional routine axial versus alternative sagittal oblique views in patients with posterior fossa pathology. 
